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A B T R A C T  

FLEXI-KLUDGE is a system of PDP-8 programs f o r  t h e  o n - l i n e  accumu- 
l a t i o n  and summing of multi-parameter nuclear s p e c t r a .  Pu l se  he igh t s  from 
four  d i f f e r e n t  d e t e c t o r s  are brought i n t o  t h e  computer t oge the r  with f l a g s  
which con ta in  coincidence, pu l se r ,  and pi le-up information. Upon i n i t i a l i -  
z a t i o n ,  t h e  operator  may impose conditions f o r  t h e  accumulation o r  summing 
of any of  t h e  f o u r  s p e c t r a .  
channel  p u l s e  h e i g h t  d i s t r i b u t i o n .  
f o r  t h e  count s t o r a g e  f o r  each channel. Routines a r e  provided f o r  typing 
ou t  and i n t e g r a t i n g  t h e  spectrum between l i m i t s  s p e c i f i e d  by t h e  u s e r  and 
f o r  d i sp l ay ing  t h e  spectrum on t h e  osc i l l o scope .  
vided fo r  d r i v i n g  a Moseley X-Y p l o t t e r  which is connected i n  p a r a l l e l  
w i t h  t h e  scope.  
graphs i n  the  form of a n  inked histogram i n  less than  a minute. The 
pr imary purpose of t h e  FLEXI-KLUDGE system is t o  a i d  i n  t h e  r o u t i n e  t e s t -  
ing and s e t t i n g  up of multi-parameter experiments. 

The r e s u l t  is a s i n g l e  dimensional 2048 
A word and a h a l f  (18 b i t s )  are used 

Routines are a l s o  pro- 

The f u l l  2048 channels are p l o t t e d  on two 11 by 14  inch 
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any information, apporotur, method. or process disclosed i n  th is  report may not infringe 

pr ivately owned rights; or 

Assumes ony l i o b i l i t i e s  w i th  respect to the use of, or for damages resul t ing from the use of  

any informotion, opporatus, method, or process disclosed in th is  report. 

B. 

As used in  the obove, "person act ing on behalf o f  the Commission'' includes any employee or 

contractor of the Commission. or employee of such contractor, to the extent that such employee 

or contractor of the Commission, or employee o f  such controctor preporer, disseminotes, or 

provides access to, any informotion pursuont t o  h i s  emp loymnt  or contract w i th  the Commission. 

or h is  employment w i th  such contractor. 
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I. BRLEF DESCRIPTIONS OF THE DATA BREAK CONTROL 

Data from t h e  pulse-height  analyzers  e n t e r  t h e  i n t e r f a c e  through 

t h e  da t a  break c o n t r o l  which mult iplexes 48 b i t s  i n t o  fou r  success ive  

computer words. 

wai t ing t o  be input ted .  Words are s tacked i n  a bu f fe r  reg ion  of core  

whose o r i g i n  and length  a r e  cont ro l led  by hardware swi tches .  The buf fer  

region can be e i t h e r  256,, (40%)  or 5 1 q 0  (loo&) words long.  If the  

length  switches a r e  s e t  f o r  a 256 word b u f f e r  then  t h e  o r i g i n  switches 

can be s e t  f o r  any of t h e  loca t ions  0000, 0400, 1000, . . . , 7400. For 

a 512 word b u f f e r  t h e  poss ib l e  or ig ins  are 0000, 1000, 2000, . . . , 7000. 
The programs descr ibed i n  t h i s  r epor t  were o r i g i n a l l y  w r i t t e n  t o  use a 

256 word bu f fe r  beginning i n  core loca t ion  1000 but  they  were l a t e r  

changed s o  t h a t  they  use only the  f i rs t  408 loca t ions  i n  t h i s  b u f f e r  

leav ing  t h e  remaining 3408 loca t ions  f o r  more programs. Switches a r e  

a l s o  a v a i l a b l e  f o r  con t ro l l i ng  t h e  number of words per  event and these  

can be s e t  f o r  any of t h e  numbers 1, 2, 3, o r  4. These programs a r e  

designed f o r  4 words per  event .  

grams and i n  t h i s  r e p o r t  as words T, B, C, and D though sometimes word 

T may a l s o  be r e f e r r e d  t o  as word G o r  occass iona l ly  as word A .  As t h e  

4 words f o r  each new event come i n t o  t h e  bu f fe r ,  an  address counter  

i s  counted up by 4 s o  t h a t  t h e  next  event w i l l  occupy t h e  next  4 words 

i n  t h e  buf fer .  This address counter  works i n  a c i r c u l a r  f a sh ion  s o  t h a t  

it s tar ts  aga in  a t  the  beginning of the  b u f f e r  when t h e  end of it is 

reached.  To prevent  t h e  da t a  b u f f e r  from f i l l i n g  up and new events 

being w r i t t e n  over a l l  events which have not  y e t  been processed t h e  data 

break contains  an up-down counter which counts up the  new words coming 

i n  and can be counted down by t h e  program as o l d  words are taken  ou t  of 

t h e  b u f f e r  and processed. If t h e  data  r a t e  becomes f a s t  enough t h a t  t he  

d a t a  b u f f e r  f i l l s  up f a s t e r  than  t h e  program can empty it out ,  then each 

time t h e  bu f fe r  is  completely f i l l e d  wi th  unprocessed d a t a  t h e  up-down 

counter  overflows and t h i s  condi t ion s tops  new da ta  from coming i n  u n t i l  

some of t h e  o l d  d a t a  has been removed and t h e  up-down counter  counted 

down by t h e  program. 

The " a l e r t  pulse"  s igna l s  t h e  computer when 48 b i t s  a r e  

The 4 words a r e  r e f e r r e d  t o  i n  t h e  pro- 

The fol lowing machine in s t ruc t ions  a r e  used f o r  program c o n t r o l  of 

t h e  d a t a  break: 
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BADCLR 

BABiX 

BDISAB 

UDCLR 

UDSOFL 

UDSUBl 

uDsUB2 

uDsUB3 

Break con t ro l  ADdress counter CLear -- s e t s  t h e  address 

counter t o  t h e  address of t he  f i r s t  word i n  t h e  buf fer  

region s o  t h a t  t h e  buf fer  w i l l  s t a r t  a t  t h e  p o s i t i o n  given 

by t h e  hardware switches.  

- Break enABI;E i n  Break con t ro l  -- enable  t h e  da t a  break 

and allows da ta  t o  s ta r t  coming i n .  

- Break DISABle i n  Break con t ro l  -- d i sab le s  t h e  da t a  break 

- - 

and stops t h e  da t a  from coming i n .  

Up-Down C k a R  -- c l e a r s  t h e  up-down 

accepted pulse  t o  the  i n t e r f a c e .  

Up-Down counter Skip on OverFLow -- 
t o  s k i p  t h e  next  i n s t r u c t i o n  i f  t he  

t h e  overflowed condi t ion .  

Up-Down counter,  SUB 1 -- s u b t r a c t s  

counter .  

- -  A -  

- -  - - -  

- -  --  

Up-Down counter ,  - -  SUB 2 -- s u b t r a c t s  - -  
counter .  

Up-Down counter ,  SUB-2 -- s u b t r a c t s  - -  - 
counter .  

A l l  of t h e  c i r c u i t s  except f o r  t h e  address counter 

counter and i ssues  an ~ 

causes t h e  computer 

up-down counter  is  i n  

1 from t h e  up-down 

2 from t h e  up-down 

3 from t h e  up-down 

a r e  r e s e t  by t h e  

POWER CLEAR which accompanies t h e  s t a r t  swi tch  on t h e  computer and by 

t h e  c l e a r  s i g n a l  generated by t h e  UDCLR pu l se .  

The four  s i g n a l s  t h a t  t he  programs a r e  concerned with a r e  denoted 

T, B, C, and D. The B, C, and D s i g n a l s  a r e  t h e  d i g i t i z e d  amplitudes 

of t he  energy loss i n  a s e r i e s  of 3 d e t e c t o r s  i n  a t e l e scope  arrange-  

ment. The inc ident  p a r t i c l e  f i r s t  goes through B, then  T, then  D. It 

is poss ib le  f o r  t he  s i g n a l  t o  s t o p  i n  B or C or D b u t  not  t o  go through 

them a l l .  The e l e c t r o n i c s  a r e  se t  up so as t o  g ive  a cons tan t  energy 

loss per channel i n  each d e t e c t o r .  Thus t h e  sum of energy loss i n  t h e  

te lescope  is B + C + D .  

D = 0 S O  t h a t  t h e  t o t a l  energy loss is  j u s t  B + C .  The T s i g n a l  is 

der ived from t h e  time t h a t  it takes for t h e  p a r t i c l e  t o  go from t h e  

t a r g e t  t o  t h e  B Detector .  This information is  of i n t e r e s t  only if t h e  

P a r t i c l e  s tops  i n  B s o  t h a t  s i g n a l s  are no t  a v a i l a b l e  from C and/or D .  

I f  on ly  t h e  f i r s t  two de tec to r s  a r e  pene t ra ted ,  
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Figure 1 is a schematic diagram of the 48 b i t s  of i npu t .  For each 12 

b i t  word the  f i r s t  b i t  ( l a b e l l e d  OV) is an  overflow b i t .  The b i t s  l a b e l -  

l e d  F1, F2, F3, e t c .  a r e  f l a g  b i t s  and t h e  b i t s  l a b e l l e d  D1, D2, D3 ,  e t c .  

a r e  d a t a  b i t s .  The f l a g  b i t s  s e rve  the fol lowing purposes: 

F 1  -- a coincidence f l a g  which is  s e t  t o  one if t h e  p a r t i c l e  goes 

through t h e  hole  i n  t h e  col l imator  and causes s i g n a l s  from 

both the  B and C de t ec to r s ,  

F2 -- a coincidence f l a g  which is s e t  t o  one i f  t h e  p a r t i c l e  goes 

through t h e  hole  i n  t h e  co l l imator  and causes s i g n a l s  from t h e  

C, and D de t ec to r s  thus having passed through B and C and i n -  

t o  D, 

F3 -- a f l a g  which the  l o g i c  hardware sets t o  one f o r  every event 

s o  t h a t  t he  programs can t e s t  t h a t  b i t  l o c a t i o n  i n  t he  da t a  

bu f fe r  t o  t e l l  whether o r  not an event has been input ted,  

F4 -- a p i le -up  i n d i c a t o r  f l a g  which is s e t  t o  one whenever two o r  

more events  a r e  recorded within 30 microseconds of each o the r  

and would cause an  i n v a l i d  s igna l ,  

F5 -- an e x t r a  f l a g  which does nothing a t  t h e  present  time but  may 

be used f o r  some o the r  purpose later,  

F6 -- a f l a g  which is  s e t  t o  one f o r  pu l se r  events  which a r e  f i x e d  

pulse-height  pulses  used f o r  checking t h e  s t a b i l i t y  of t h e  

sys t e m .  

11. OPERATING INSTRUCTIONS 

The normal s t a r t i n g  address  is  loca t ion  200. The program c lea r s  

a l l  t h e  bu f fe r s  and starts tak ing  da ta .  The scope d i sp lay  combines 

groups of two channels ( i  .e .  2 x 50 keV = 100 keV) . 
may be changed from t h e  keyboard. 

t o  g ive  f u l l  s c a l e  of 256, 2 t o  give f u l l  s c a l e  of 512, e t c .  

The v e r t i c a l  s c a l e  

H i t  0 t o  give' f u l l  s c a l e  of 128, 1 

Other s t a r t i n g  loca t ions  a re :  

0377 -- a r e s t a r t  l oca t ion  which causes t h e  program t o  c l e a r  

t he  input  bu f fe r  but not t h e  spectrum and then  t o  

continue tak ing  data,  
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Word 0 (T) Time of Flight [sometimes called (G) Garbagel 

Word 1 (B) B Detector 

OV F2 F5 D1 D2 D3 D4 D5 D6 D7 D8 D9 

Word 2 (C) C Detector 

OV F1 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

Word 3 (D) D Detector 

OV 1 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 

Fig. 1. Schematic diagram of the four words of each event. 
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0177 -- an e n t r y  which enables t h e  use r  t o  s p e c i f y  new 

and summing opt ions f o r  t he  program; 

The options a v a i l a b l e  are:  

Sw.  Reg. B i t  0 Proceed i f  P i le -up  f l a g  is 0 

Sw. Reg. B i t  1 Proceed i f  P i le -up  f l a g  is  1 

Sw. Reg. B i t  2 Proceed i f  P u l s e r  f l a g  is 0 

Sw. Reg. B i t  3 Proceed i f  P u l s e r  f l a g  is 1 

Sw. Reg. B i t  4 Proceed if  Flag 1 is  0 

Sw. Reg. B i t  5 Proceed i f  F lag  1 is 1 

Sw. Reg. B i t  6 Proceed i f  F lag  2 is 0 

Sw.  Reg. B i t  7 Proceed if Flag 2 is  1 

Sw. Reg. B i t  8 Sum Detector  B 

Sw. Reg. B i t  9 Sum Detector  C 

Sw. Reg. B i t  10 Sum Detector  D 

f l a g  

(The s tandard  opt ion is t o  ignore a l l  f l a g s  and sum 
a l l  t h r e e  d e t e c t o r s .  To change t h e  op t ion  s t a r t  the  

program a t  loca t ion  17-77. The program w i l l  h a l t .  S e t  

t h e  key switches f o r  t h e  des i r ed  opt ion  and h i t  con- 

t i n u e  t o  c l e a r  a l l  bu f fe r s  and s t a r t  tak ing  data j u s t  

as i n  a normal s t a r t .  ), 

0103 -- an e n t r y  f o r  p r i n t i n g  between l i m i t s  i n  core  s u b j e c t  

t o  a to l e rance  l e v e l  (The computer h a l t s  3 times -- 
f o r  t h e  f i r s t  loca t ion  t o  p r i n t ,  t he  last l o c a t i o n  t o  

p r i n t ,  and t h e  to l e rance  l e v e l  t o  be keyed i n .  The 

program p r i n t s  t he  contents  of t h e  memory between the  

s p e c i f i e d  l i m i t s  i n  rows of t e n  numbers suppressing 

a l l  those rows f o r  which t h e  sum of t h e  numbers i n  

t h e  t e n  corresponding core loca t ions  is  l e s s  than t h e  

s p e c i f i e d  to l e rance .  When t h e  program is f i n i s h e d  

with the  p r in t ing ,  t h e  scope cont inuously p l o t s  t he  

spectrum u n t i l  it is  stopped by t h e  u s e r . ) ,  

0120 -- an e n t r y  f o r  continuously d isp lay ing  the  spectrum, 

0460 -- an e n t r y  f o r  summing between l i m i t s  i n  core  (The 
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0001 

computer s t o p s  twice f o r  t h e  l i m i t s  t o  be keyed i n  and 

then p r i n t s  t h e  two l i m i t s  and t h e  sum of a l l  t h e  loca- 

t i o n s  between them. It then s tops  with 7777 i n  t h e  A C . ) ,  

-- an e n t r y  f o r  c a l i b r a t i n g  t h e  Moseley p l o t t e r  (The pro- 

gram reads t h e  number i n  t h e  switch r e g i s t e r  and 

pos i t i ons  t h e  pen accordingly.  When t h e  number i n  t h e  

swi t ch  r e g i s t e r  is 1777 t h e  pen goes t o  t h e  p o i n t  

X = 12.725 i n . ,  Y = 9.990 i n .  To a d j u s t  t h e  p l o t t e r ,  

f i r s t  s e t  t h e  switches t o  1000 and use t h e  zero con- 

t r o l s  t o  s e t  X and Y a t  h a l f  s c a l e .  Then s e t  t h e  

switches t o  0000 and use t h e  g a i n  con t ro l s  t o  s e t  X 

and Y t o  zero.  Repeat t h e  above two s t e p s  u n t i l  t h e  

procedure converges . ), 
1040 -- t h e  e n t r y  f o r  M s e l e y  p l o t t i n g .  To use t h e  Moseley 

p l o t t e r  f i r s t  make s u r e  t h e  p l o t t e r  i s  c a l i b r a t e d .  

Then r a i s e  t h e  pen and i n s e r t  t h e  graph paper.  S t a r t  

t h e  program a t  1040 and t h e  computer w i l l  s t o p .  Lower 

t h e  pen, h i t  cont inue and t h e  f i r s t  1048 channels w i l l  

be p r i n t e d  o u t  i n  groups of two channels with IcO groups/ 

inch.  The computer w i l l  s t o p  a f t e r  t h e  l a s t  channel 

is  p l o t t e d .  Raise t h e  pen, remove t h e  graph paper and 

pu t  i n  a new s h e e t  l eav ing  t h e  pen up. H i t  cont inue 

and the  computer w i l l  s t o p  aga in .  b w e r  t h e  pen and 

h i t  continue t o  p l o t  t h e  l as t  1048 channels.  

computer w i l l  s t o p  a f t e r  p l o t t i n g  t h e  l a s t  channel.  

Raise t h e  pen and remove t h e  paper .  Reload t h e  paper 

f o r  t h e  next  graph l eav ing  t h e  pen up. 

The 

I11 

Locations 

0000 - -  0010 

0011 -- 0017 
0020 -- 0044 

CORE STORAGE USED BY THE FLEXI-KLUDGE SYSTEM 

Contents 

C a l i b r a t i o n  program f o r  t h e  Moseley p l o t t e r .  

Option switches f o r  s u b r o u t i n e  DETEC. 

Page zero p o i n t e r  used f o r  addres s ing  across  pages.  
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Contents Lo c a t i o  TZS 

0045 -- 0076 
0100 -- 0122 

0124 -- 0152 

0177 -- 0361 
0362 -- 0372 

0153 - -  0176 

0374 -- 0377 
0400 -- 0456 
0460 -- 0510 

0511 -- 0574 

0600 -- 0776 

io40 -- 1046 

0575 -- 0577 

1000 -- 1037 

1047 -- 1160 
1161 -- 11-77 
1200 -- 1267 
1270 -- 1356 
1357 -- 1377 
1400 -- 1540 
1545 - -  1556 
1560 -- 1575 
1600 -- 7577 

Subroutine A m R Z  ( t h e  a n t i - f r e e z e  sub rou t ine ) .  

C A D ,  t he  main program f o r  c a l l i n g  the  channel p r i n t i n g  

r o u t i n e  ( CHPRNT) . 
Subrout ine I N I T .  

Subrout ine SETl. 

KL'JDGE, t he  main program f o r  d a t a  a c q u i s i t i o n .  

Subroutine C W D .  

Inva r i an t  po in ts  f o r  KLUDGE. 

Subrout ine SCOPE. 

SUM, t h e  main r o u t i n e  f o r  i n t e g r a t i n g  over s p e c i f i e d  

channels .  

Subrout ine SUMM. 
Subrout ine SUMP. 

Subrout ine CHPRNT. 

Data b u f f e r .  

MOE, main r o u t i n e  for Moseley p l o t t i n g .  

Subrout ine EANIE. 

Subrout ine DELAY. 

Subrout ine GRAPH. 

Subroutine DETEC. 

Subrout ine TEST. 

Dan's CONVERT and DECODE rou t ines ,  i . e .  Subrout ine PRINT. 

Subrout ine LINEF . 
Subrout ine TYPE0 . 
Pul se  he igh t  spectrum b u f f e r .  

Note: When t h e  program is f i r s t  loaded, loca t ions  

1620 -- 1625 contain SCOPECAL, a s t r a i g h t  l i n e  scope 

c a l i b r a t i n g  rout ine ,  bu t  when KLUDGE is s t a r t e d  the  

spectrum b u f f e r  i s  c l ea red  and SCOPECAL is l o s t .  

IV. PROGRAM DESCRIPTIONS 

A. KLUDGE and ANTFRZ 

KLUDGE is t h e  main d a t a  a c q u i s i t i o n  program of t h e  FIEXI-KLUDGE 
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system. When it is f i r s t  s t a r t e d  it jumps o f f  t o  subrout ine I N I T  which 

allows t h e  user t o  s p e c i f y  t h e  t reatment  of t h e  various f l a g s  and t o  

s p e c i f y  the d e t e c t o r s  whose s i g n a l s  are t o  be summed i n  t h e  pulse-height  

spectrum. 

d a t a  bu f fe r  and t h e  spectrum b u f f e r  and i n i t i a l i z e s  t h e  hardware. The 

up-down counter is  i n i t i a l l y  s e t  t o  1340 so t h a t  8 events w i l l  cause an 

overflow i n  t h e  255 b i t .  

loop which c o n s t i t u t e s  most of t h e  KLUDGE r o u t i n e .  I n  t h i s  msin loop 

t h e  program c o n t i n u a l l y  jumps o f f  t o  subrout ine ANTFRZ t o  check f o r  new 

d a t a  i n  t h e  d a t a  b u f f e r .  If ANTFRZ f inds  a new event it r e t u r n s  c o n t r o l  

t o  a loca t ion  i n  KLUDGE which loads t h e  AC with t h e  address i n  t h e  d a t a  

b u f f e r  of t h e  f i r s t  word of  t h e  new event  and then  jumps off  t o  sub-  

r o u t i n e  DETEC which r e t u r n s  t o  KLUDGE with t h e  AC containing t h e  number 

of t h e  channel t o  be incremented i n  t h e  pulse-height  spectrum. The 

pulse-height spectrum is s t o r e d  i n  a 6000, word b u f f e r  beginning i n  

loca t ion  1603 (see F i g .  2 ) .  

a h a l f  (18 b i t s )  i n  t h e  b u f f e r  g iv ing  2048,, channels i n  a l l .  

r ece iv ing  t h e  number of t h e  channel t o  be incremented from DETEC, KLUDGE 

increments t h e  corresponding 18 -b i t  number i n  t h e  bu f fe r  u s ing  t h e  proper 

incrementing procedure according as t h e  channel number is odd o r  even. 

KLUDGE then checks t o  s e e  i f  it has reached t h e  end of t h e  40-word d a t a  

b u f f e r .  If it has it d i sab le s  t h e  d a t a  break, counts down t h e  up-down 

counter by 40 ( t h e  up-down counter w i l l  be i n  t h e  overflow cond i t ion  

when the program g e t s  t o  t h e  end of t h e  d a t a  b u f f e r  and t h i s  w i l l  have 

s topped t h e  d a t a  from coming i n )  and c l e a r s  t h e  address coun te r .  

then enables t h e  d a t a  break and jumps off  t o  SCOPE t o  p l o t  a channel on 

t h e  osc i l l o scope .  If t h e  prggram has no t  reached t h e  end of t h e  d a t a  

b u f f e r  it s k i p s  t h e  r e - i n i t i a l i z a t i o n  of  t h e  hardware and jumps t o  SCOPE. 

Whenever ANTFRZ fa i l s  t o  f i n d  a new event it r e t u r n s  c o n t r o l  t o  KLUDGE 

i n  t h i s  same l o c a t i o n  where it jumps o f f  t o  SCOPE. Upon r e t u r n i n g  from 

SCOPE, KLUDGE jumps o f f  t o  COMAND t o  p i ck  up any new s c a l i n g  cons t an t  

t h a t  might have been typed i n  by t h e  u s e r  and then  r e t u r n s  t o  t h e  begin- 

ning of t h e  loop t o  s t a r t  t h e  process aga in .  If ANTFRZ eve r  f a i l s  t o  

f i n d  new d a t a  i n  20,OOCk success ive  passes  through t h e  loop it types o u t  

Af t e r  r e t u r n i n g  from I N I T  t h e  program c l e a r s  t h e  40, word 

The program then  en te r s  t h e  d a t a  a c q u i s i t i o n  

Each channel is r ep resen ted  by a word and 

Upon 

It 
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a n  "F", r i ngs  t h e  b e l l  and jumps ou t s ide  t h e  loop t o  r e i n i t i a l i z e  every- 

t h i n g  except t h e  spectrum b u f f e r  and t h e n  r e -en te r s  t h e  loop. 

B. I N I T  and SETl 

I N I T  i s  a sub rou t ine  which is c a l l e d  by KLUDGE t o  enable t h e  u s e r  

t o  s p e c i f y  t h e  f l a g  opt ions and t o  s p e c i f y  which of t h e  d e t e c t o r  s i g n a l s  

are  t o  be included i n  t h e  sum whose spectrum is accumulated. Immediately 

a f t e r  being c a l l e d  I N I T  s tops  f o r  t h e  use r  t o  s e t  t h e  switches f o r  t h e  

des i r ed  op t ions .  

operat ing i n s t r u c t i o n .  

I N I T  picks up t h e  contents  of t he  switch r e g i s t e r  and uses t h i s  t o  s e t  a 

number of i n t e r n a l  switches.  These i n t e r n a l  switches are: 

The swi t ch  s e t t i n g s  are descr ibed i n  t h e  s e c t i o n  on 

When t h e  u s e r  sets t h e  switches and h i t s  continue 

Us e - Switch 

SWPIrn t h e  p i l e -up  f l a g  switch,  

SWUL t h e  p u l s e r  f l a g  switch,  

SWFLl t h e  F lag  1 switch,  

SWL2 t h e  F l a g  2 switch,  

SWB t h e  B d e t e c t o r  switch,  

swc t h e  C d e t e c t o r  switch,  

SWD t h e  D d e t e c t o r  switch.  

I N I T  c a l l s  subrout ine SETl t o  s e t  t h e  f i r s t  4 of t h e  above swi t ches .  

Each of t h e  f o u r  correspond t o  two keys i n  t h e  swi t ch  r e g i s t e r  s e t t i n g  

and SETl unpacks those two keys and sets  t h e  i n t e r n a l  swi t ch  t o  do what- 

ever was s p e c i f i e d  by t h e  key s e t t i n g s .  If t h e  f i r s t  of  t h e  two keys 

is up and t h e  second one is down t h e  corresponding i n t e r n a l  swi t ch  is  

s e t  t o  +1, if t h e  f i r s t  key i s  down and t h e  second key is up t h e  swi t ch  

is s e t  t o  -1, and if both keys are up or if bo th  are down t h e  swi t ch  is  

s e t  t o  0. Switches SWB, SWC, and SWD are each s e t  t o  0 o r  +1 depending 

on whether t h e  corresponding key swi t ch  is down o r  up. 

a l l  t h e  switches descr ibed above I N I T  r e t u r n s  c o n t r o l  t o  KLUDGE. 

After s e t t i n g  

C .  DETEC and TEST 

DETEC is a subrou t ine  c a l l e d  by KLUDGE each t ime a new event  is 

found i n  t h e  d a t a  b u f f e r .  I t s  purpose is t o  determine which channel 



i n  t h e  pulse-height  spectrum should be incremented and t o  r e t u r n  t h i s  

channel number t o  KLUDGE i n  the  accumulator. It checks t h e  s t a t u s  of 

t he  pu l se r  f l a g ,  t h e  p i le -up  f l a g ,  Flag 1, and Flag  2 f3r t h e  event and 

takes  t h e  a c t i o n  s p e c i f i e d  by t h e  f l a g  switches which were se t  i n  sub- 

rou t ine  I N I T .  To do t h i s  DETEC c a l l s  subrout ine  TEST four  t imes,  once 

f o r  each of t h e  above-mentioned f l a g s .  I n  each case,  i f  t he  f l a g  i n  

ques t ion  is 0 and t h e  corresponding switch is -1 o r  if  t h e  f l a g  is 1 and 

t h e  corresponding switch is  +1, TEST returns c o n t r o l  t o  DETEC i n  a loca-  

t i o n  which causes DETEC t o  r e t u r n  t h e  h ighes t  poss ib l e  channel number 

(2047.10 ) t o  KLUDGE. If a l l  of t h e  fou r  f l a g s  a r e  cons i s t en t  with t h e  

swi tch  s e t t i n g s  s p e c i f i e d  by I N I T  then  TEST gives a normal r e t u r n  t o  

DETEC i n  each case and DETEC conputes t h e  channel number t o  r e t u r n  t o  

KLUDGE by forming a sum of t h e  s igna l s  from those de t ec to r s  (B,C,D)  

whose corresponding switches (SWB,SWC,SWD) were s e t  t o  +1 i n  I N I T ,  not  

summing t h e  de tec tors  whose corresponding switches were s e t  t o  0. I f  

t h e r e  is an overflow i n  any of t h e  de tec tors  being summed o r  i f  t h e  sum 

exceeds 204710 (3777* ) DETEC re tu rns  2047,, t o  KLUDGE which cause it t o  

increment the  h ighes t  poss ib l e  channel. 

D . SCOPE and C O W D  

SCOPE is a subrout ine  f o r  p l o t t i n g  t h e  pulse-height  spectrum. It 

is c a l l e d  p e r i o d i c a l l y  by KLUDGE, CALLP, and i n  t h e  wai t  loop of TYPE0 

t o  p l o t  a channel of t h e  spectrum. The pulse-height  spectrum contains  

2048,o channels bu t  t h e  scope can p l o t  on ly  102h0 d i s t i n c t  absc i s sas ,  

s o  each time it is c a l l e d  SCOPE adds t h e  next two ad jacent  channels and 

p l o t s  t h e  sum as a s i n g l e  p o i n t .  When the  p l o t  reaches t h e  r i g h t  hand 

l i m i t  of t h e  scope it starts aga in  a t  t h e  beginning of t h e  p l o t .  The 

o rd ina te s  (counts accumulated i n  each p a i r  of ad jacent  channels) a r e  

s c a l e d  by a s c a l i n g  f a c t o r  which can be changed by typ ing  i n  a new one 

from t h e  keyboard. A l l  of t h e  rout ines  which use SCOPE a l s o  p e r i o d i c a l l y  

c a l l  subrout ine  COMAIT0 which checks t o  s e e  i f  a new s c a l i n g  constant  has 

been typed i n  and which reads any such new s c a l i n g  cons tan t  and s t o r e s  

it away i n  t h e  proper l o c a t i o n  of SCOPE. 



E .  C A L P  and CHPRNT 

CALW is t h e  main rou t ine  f o r  the channel p r i n t - o u t  system. When 

t h e  user starts t h e  program a t  t h e  beginning of CALIP,  it d i s a b l e s  t h e  

d a t a  break, i n i t i a l i z e s  t h e  p r i n t e r ,  and h a l t s  f o r  t h e  user t o  key i n  

t h e  number of t h e  f i r s t  channel t o  p r i n t .  When t h e  f i r s t  channel has 

been keyed i n  it h a l t s  aga in  f o r  t h e  las t  channel mumber t o  be keyed i n  

and then aga in  f o r  t h e  to l e rance  level  f o r  p r i n t i n g  t o  be keyed i n .  

After picking up t h e  two channel numbers and t h e  t o l e r a n c e  l e v e l  it 
jumps off  t o  subrout ine CHPRNT t o  do t h e  p r i n t i n g .  

f o r  CHPRNT is: 

The c a l l i n g  sequence 

JMS I CHPRNT 

YPOINT 

CHNl 

C”2 

TOLER 

( CONTINUE ) 

where YPOINT is t h e  addressof t h e  f i r s t  l o c a t i o n  i n  t h e  spectrum b u f f e r ,  

CHNl i s  t h e  number of t h e  f i r s t  channel t o  be p r i n t e d ,  CHN2 is  t h e  

number of t h e  last channel t o  be p r i n t e d ,  and T O U R  is  t h e  t o l e r a n c e  

l e v e l  f o r  p r i n t i n g .  CHPRNT p r i n t s  t h e  channels between t h e  s p e c i f i e d  

l i m i t s  i n  t h e  fol lowing format: 

DCNO CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8 CH9 CHlO 

where DCNO is a channel number from t h e  sequence 0, 10, 20, 30, ... and 

begins i n  t h e  f i r s t  column of t h e  page, and CHO, CH1, ..., CHlO are t h e  

contents of channels DCNO through DCN0+9 and are p r i n t e d  as 6 d i g i t  

numbers whose l ead ing  zeros are suppressed.  

i n  any decade is below t h e  t o l e r a n c e  l e v e l  t h e n  p r i n t i n g  is suppressed 

f o r  t h a t  decade. 

twice t o  space t o  a new l i n e .  CHPRNT c a l l s  sub rou t ine  SUMP which i n  

t u r n  c a l l s  subrout ine SUMM t o  do t h e  summing f o r  each decade. 

decade whose channel sum exceeds t h e  t o l e r a n c e  it c a l l s  sub rou t ine  P R I N T  

11 times -- once t o  p r i n t  out  t h e  i n i t i a l  channel number and t e n  t i m e s  

t o  p r i n t  t h e  contents  of t h e  t e n  channels .  A f t e r  each decade has been 

If t h e  sum of t h e  channels 

Before p r i n t i n g  any th ing  CHPRNT c a l l s  sub rou t ine  LINEF 

For each 



p r i n t e d  CHPRNT c a l l s  LINEF t o  space  t o  a new l i n e  and a f t e r  the last  

decade has been p r i n t e d  CHPRNT re tu rns  c o n t r o l  t o  CALIS with t h e  te le -  

p r i n t e r  spaced t o  a new l i n e .  When c o n t r o l  is r e tu rned  t o  it CALLP goes 

i n t o  a logp which continuously c a l l s  SCOPE and C 0 " D  thus p l o t t i n g  t h e  

pulse-height  spectrum u n t i l  t h e  user can decide what t o  do next .  

F .  PRINT and DECODE 

PRINT is a subrou t ine  c a l l e d  by CHPRNT and SUM t o  p r i n t  o u t  t h e  

decimal equivalents  of var ious s i ng le  and double p r e c i s  ion machine numbers 

i n  var ious i n t e g e r  formats.  If t h e  number t o  be p r i n t e d  o u t  is a double 

p r e c i s i o n  number PRINT should be c a l l e d  w i t h  t h e  low o rde r  p a r t  of t h e  

number i n  t h e  MQ and t h e  high o rde r  p a r t  of t h e  number i n  t h e  AC. If 
t h e  number is a s i n g l e  p r e c i s i o n  number it should go i n  t h e  MQ and t h e  

AC should be c l ea red  before  c a l l i n g  PRINT. 

ENTRY1, ENTRY2, ENTRY3, ... , ENTRY8, each one cor respmding  t o  a d i f f e r -  

e n t  format for p r i n t i n g .  

ENTRY2 corresponds t o  a 2 d i g i t  i n t e g e r  format,  ENTRY3 a 3 d i g i t  i n t e g e r  

format, e t c .  The c a l l i n g  sequence for PRINT is: 

PRINT has 8 d i f f e r e n t  e n t r i e s ,  

ENTRY1 corresponds t o  a s i n g l e  d i g i t  format, 

JMS I PRINT 

JMP I ENTRYn 

( CONTINUE ) 

where ENTRYn is one of t h e  e i g h t  poss ib l e  e n t r i e s .  

Subrout ine PRINT c a l l s  subrout ine DECODE t o  convert  t h e  machine 

number t o  A S C I I  decimal d i g i t s  and DECODE c a l l  sub rou t ine  TYPE0 t o  p r i n t  

o u t  each of t h e  d i g i t s .  DECODE operates  on t h e  p r i n c i p l e  t h a t  powers 

of  t e n  i n  o c t a l  n o t a t i o n  can be  sub t r ac t ed  from a n  o c t a l  number t o  con- 

v e r t  it t o  i t s  decimal equ iva len t .  When PRINT is c a l l e d  with ENTRYn 

i n  t h e  c a l l i n g  sequence, t h e  u s e r  i s  s p e c i f y i n g  an n - d i g i t  i n t e g e r  f o r -  

m a t  and PRINT c a l l s  DECODE n times success ive ly  with t h e  fol lowing 

c a l l i n g  sequences : 

ENTRYn, JMS DECODE 

"" 
N"N 



16 

ENTRYn-1, JMS DECODE 

MMMM 

MMMM 

ENTRY1, JMS DECODE 

7777 
7777 
(CONTINUE) 

where NN"NNNN is t h e  double p r e c i s i o n  complement of 10 r a i s e d  t o  t h e  

n t h  power, MMMMMMMM is t h e  double p r e c i s i o n  comp.lement of 10 r a i s e d  t o  

t h e  (n-1) th  

complement of 10 raised t o  t h e  ze ro th  power. Each t i m e  t h a t  DECQDE is 

c a l l e d  from t h i s  sequence it p r i n t s  o u t  t h e  d i g i t  of t h e  number co r re s -  

ponding t o  that  power of ten,  suppressing t h e  p r i n t i n g  of leading ze ros .  

I f  t h e  u s e r  chooses a format t h a t  is n o t  l a r g e  enough t o  con ta in  t h e  

number he wants p r i n t e d ,  t h e  program types o u t  a s l a s h  ( / ) .  

power, . . . , and 77777777 is of course t h e  double p r e c i s  ion 

PRINT and DEC9DE were w r i t t e n  by Dan Putzulu ( a  Co-op s t u d e n t  and 

a very c l eve r  f e l low)  and are t h e  most s u b t l e  programs i n  t h e  FIEXI- 

KLUDGE system. The use r  is  cautioned a g a i n s t  heavy-handed at tempts  t o  

change these  programs. 

G .  TYPEO and LINEF 

TYPEO is a subrout ine which is  c a l l e d  by s e v e r a l  of t h e  program 

i n  t h e  FLEXI-KLUDGE system t o  p r i n t  o u t  c h a r a c t e r s  on t h e  t e l e t y p e .  

should be c a l l e d  with t h e  c h a r a c t e r  t o  be p r i n t e d  i n  t h e  AC and it r e t u r n s  

c o n t r o l  t:, the  c a l l i n g  program w i t h  t h e  AC c l e a r e d .  

t h e  s t a t u s  of t h e  l i n k .  TYPEO c a l l s  SCOPE i n  t h e  w a i t  loop f o r  t h e  t e l e -  

type and a l s o  c a l l s  COMAND a f t e r  emerging from t h e  w a i t  loop.  

a subrout ine which is c a l l e d  by var ious programs i n  t h e  system t o  pro-  

duce ca r r i age  r e tu rns  and a l i n e  feeds on t h e  t e l e t y p e .  It c a l l s  TYPEO 

t o  do the a c t u a l  t e l e t y p e  commands. It r e t u r n s  t o  t h e  c a l l i n g  program 

with a c l ea red  AC and t h e  l i n k  is p rese rved .  

It 

It a l s o  preserves  

LINEF i s  
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H .  S W  and SUMM 

SUM is t h e  main program f a -  i n t e g r a t i n g  over s p e c i f i e d  channels.  

When it is f i r s t  s t a r t e d  it s tops  f o r  t h e  lower l i m i t  t o  be keyed i n  

and then s tops  aga in  f o r  t h e  upper l i m i t .  These two channel numbers are 

s t o r e d  i n  i n v a r i a n t  l oca t ions  0573 and 0574 and are picked up from t h e s e  

loca t ions  whenever t h e  program needs t o  use them. These i n v a r i a n t  loca-  

t i o n s  a r e  used by subrou t ine  SUMM, the a c t u a l  summing rou t ine ,  and must 

con ta in  the  l i m i t s  f o r  summing whenever SUMM is c a l l e d  by programs o t h e r  

t h a n  SUM. The advantage of having these  loca t ions  i n v a r i a n t  is tha t  it 

enables the  use r  t o  change SUM and SUMM without having t o  change t h e  

programs on o t h e r  pages which a l s o  use STJMM. After s t o r i n g  away t h e  

channel l i m i t s ,  SUM jumps off t o  LINEF and then jumps o f f  t o  PRINT twice  

t o  p r i n t  ou t  t h e  two l i m i t s .  It then  jumps t o  SUMM which computes t h e  

double p r e c i s i o n  sum of t h e  contents  of a l l  t h e  channels between t h e  two 

s p e c i f i e d  i n  loca t ions  C1 and C2. SUMM r e t u r n s  c o n t r o l  t o  t h e  c a l l i n g  

program ( i n  t h i s  case SUM) with t h e  low o r d e r  p a r t  of t h e  sum i n  t h e  MQ 

and t h e  high o rde r  p a r t  i n  t h e  AC. When c o n t r o l  is  r e tu rned  t o  SUM it 

jumps off  t o  PRINT t o  p r i n t  o u t  t h e  double p r e c i s i o n  sum i n  a 7 d i g i t  

format and then  s t o p s  with 7777 i n  the AC. 

I. s w  

SUMP i s  a dummy subrout ine which is  c a l l e d  by programs t h a t  want 

t o  use SUMM b u t  which are loca ted  on o t h e r  pages.  I t s  loca t ions  are 

i n v a r i a n t  (0575 - 0577) and S W  can be changed without changing t h e  

programs on o the r  pages which use it. Such a program must s e t  t he  l i m i t s  

f o r  summing i n  loca t ions  C 1  and C2 (0573 and 0574) and then JMS t o  SUMP 

which i n  t u r n  w i l l  JMS t o  SUMM. 

J. EANIE, MOE, GRAPH, and DELAY 

EANIE, MOE, GRAPH, and DELAY a r e  a package of 4 rou t ines  f o r  making 

his togram p l o t s  on a s t anda rd  Moseley X-Y p l o t t e r .  The Moseley p l o t t e r  

i s  connected i n  p a r a l l e l  with the  s tandard Type 34 Oscilloscope Display 

through s u i t a b l e  i s o l a t i n g  a t t enua to r s  (with a n  a t t e n u a t i o n  f a c t o r  of 

about 20 t o  1). I n  o rde r  t o  p l o t  on t h e  Moseley p l o t t e r ,  t h e  "spot" i s  
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s lowly  moved across  t h e  scope. 

i n  s t e p  with t h e  "spot", except t h a t  t h e  i n e r t i a l  r e a c t i o n  t i m e  is much 

g r e a t e r  than t h e  d e f l e c t i o n  time of t h e  scope. Therefore,  a s u i t a b l e  

de l ay  is i n s e r t e d  a f t e r  each change of Y coordinate  and a f t e r  each change 

of X coordinate s o  t h a t  t h e  Moseley pen w i l l  come t o  rest  before  t h e  next 

s t e p  . 

The pen on t h e  Moseley p l o t t e r  t hen  moves 

I n  o rde r  t o  o b t a i n  adequate s e p a r a t i o n  between channels, t h e  f u l l  

2348 channel spectrum is p l o t t e d  on two 10.00 by 13.3 inch pages of graph 

paper giving a t o t a l  X ax i s  l eng th  of 26.6 inches.  

80 channels pe r  inch, a spacing which would be t o o  c lose  t o  r e so lve  

v i s u a l l y ,  s o  t h a t  groups of two channels a t  a time are p l o t t e d  with 40 

groups per  inch. 

with the  way i n  which t h e  normal osc i l l o scope  d i s p l a y  works s o  t h a t  it 

can use t h e  same program s t e p s  t o  combine groups of two channels.  

This would r e s u l t  i n  

This reduces t h e  o v e r a l l  p l o t t i n g  t i m e  and i s  compatible 

The MOZ r o u t i n e  is t h e  main r o u t i n e  of t h e  sequence and c o n s i s t s  of 

a c a l l  t o  EANIE f o r  p l o t t i n g  t h e  f i rs t  page of graph, followed by another  

c a l l  t o  EANIE f o r  p l o t t i n g  t h e  second page. 

EANE makes a histogram of 512 bars  i n  groups of two channels p e r  

b a r .  

c a l l i n g  sequence i n  MOE and picks up t h e  s c a l e  cons t an t  t h a t  i s  used i n  

t h e  s t anda rd  osc i l l o scope  d i s p l a y  $0 t h a t  t h e  s c a l e  of t h e  graph w i l l  

be t h e  same as t h a t  d i sp l ayed  with t h e  normal o s c i l l o s c o p e  d i s p l a y .  

EANIE f i r s t  p o s i t i o n s  t h e  pen a t  t h e  X-Y o r i g i n  and h a l t s  f o r  t h e  paper 

t o  be i n s e r t e d  and t h e  pen t o  be lowered. It t h e n  t r a n s f e r s  c o n t r o l  t o  

GFUPH each time a s t e p  is t o  be added t o  t h e  his togram. A t  t h e  comple- 

t i o n  of t h e  graph, a h a l t  allows the  paper t o  be  removed and another  

p i e c e  in se r t ed .  If a prospect ive ba r  3n t h e  his togram is o f f - s c a l e ,  

EANIE t runcates  it by dropping off  t h e  high o rde r  b i t s  s o  t h a t  a peak 

would "roll around" o f f  t h e  t o p  and back on to  t h e  bottom of t h e  graph. 

This tends t o  mess up t h e  appearance o f  a graph when s e v e r a l  p l o t s  a r e  

made on one page with d i f f e r e n t  s c a l e  f a c t o r s .  

It picks up t h e  o r i g i n  of t h e  1024 channels t o  be p l o t t e d  from the  

The GRAPH r o u t i n e  is r e spons ib l e  f o r  moving t h e  Moseley pen i n  t h e  

Y d i r e c t i o n ,  then wai t ing f o r  t h e  H motion of t h e  pen t o  be completed, 
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then  moving i n  t h e  X d i r e c t i o n ,  and f i n a l l y  wai t ing  f o r  t h e  X motion t o  

be completed. Af te r  t h e  Y and X movements a r e  f i n i s h e d ,  r e t u r n  is made 

t o  t h e  c a l l i n g  sequence. I n  order  t o  make the  p l o t  as r a p i d l y  as poss- 

i b l e ,  a dec i s ion  as t o  which of two delay s t r a t e g i e s  t o  use is made f o r  

each s t e p .  

de lay  of about 15 as is made fol lowing t h e  Y motion and about 6 ms f o l -  

lowing t h e  X motion. 

delays a r e  con t ro l l ed  by s e p a r a t e  constants  s o  t h a t  t hey  can be e a s i l y  

ad jus t ed  t o  match the  k i n e t i c s  of a p a r t i c u l a r  p l o t t e r .  I n  t h e  event 

of a l a r g e  s t e p  which exceeds t h e  to le rance ,  a v a r i a b l e  time de lay  f o r  

t h e  Y s t e p  is used depending upon the  magnitude of t h e  s t e p .  The de lay  

l eng th  f o r  t h i s  case is a f i x e d  16 ms plus  an a d d i t i o n a l  amount (up t o  

about 500 m s )  p ropor t iona l  t o  t h e  Y s t e p  s i z e .  

f i x e d  de lay  of about 100 ms is introduced.  The e f f e c t  of t h i s  s t r a t e g y  

i s  t o  "z ip"  a long without  much Y or X d e t a i l  i f  t he  graph is changing 

ve ry  slowly, bu t  t o  p l o t  more d e l i b e r a t e l y  i n  both t h e  Y and X d i r e c t i o n  

f o r  r a p i d l y  varying p l o t s .  Two problem have been encountered. The 

f i r s t  is  t h a t  t h e  Moseley p l o t t e r  used tends t o  overshoot about 5% when 

making a s t e p  of s e v e r a l  inches .  

fas t  on long s t e p s  t h a t  t h e  ink  does not flow uniformly. A s o l u t i o n  t o  

both t h e s e  problems would be t o  genera te  many mini-s teps  which uniformly 

move t h e  pen r a t h e r  than a s i n g l e  s t e p .  The GRAPH r o u t i n e  was made a 

s e p a r a t e  module s o  t h a t  t h i s  eventua l  refinement could be e a s i l y  made. 

For sma l l  Y s t e p s  (when the curve is nea r ly  f l a t ) ,  a f i x e d  

The to l e rance  f o r  a s m a l l  s t e p  and the  Y and X 

Af t e r  t he  X s t e p ,  a 

The o the r  is t h a t  t h e  pen "slews" S O  

The DELAY r o u t i n e  is  a minimum leng th  r o u t i n e  f o r  i n s e r t i n g  program 

delays i n t o  a computation. When DELAY is c a l l e d ,  a s u f f i c i e n t  number of 

s t e p s  a r e  "looped" t o  k i l l  t h e  requi red  time. The c a l l i n g  sequence is: 

C I A  

TAD N 

JMS DELAY 

M 

The va lue  of M determines the  number of r e p e t i t i o n s  of an inner  loop.  

M = 1 produces t h e  minimum de lay  and M = 7777 produces t h e  maximum inner  

loop de lay  of about 18 ms (4095 times around) .  

times a rmnd!  The number of r e p e t i t i o n s  of t h e  inne r  loop is N-1. I f  

M = 0 produces 4096 
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N = 0, t h e  r o u t i n e  immediately r e tu rns  with only a few cycles delay.  

The maximum de lay  t h a t  can be obtained is about a minute. 

K .  MOECAL 

MOECAL is a simple r o u t i n e  which picks up t h e  contents  of t h e  accumu- I 

l a t o r  switches and loads both t h e  X and Y bu f fe r s  of t h e  scope d i s p l a y  

system. The primary purpose is f o r  c a l i b r a t i o n  of t h e  Moseley p l o t t e r  

which is connected i n  p a r a l l e l  with t h e  scope.  

is introduced between loading t h e  b u f f e r s  and looping around t o  read t h e  

I 

A t i m e  of about 18 ms 

i 
switches aga in  s o  t h a t  switching t r a n s i e n t s  i n  t h e  d i g i t a l - t o - a n a l o g  

converters  w i l l  not  occur s u f f i c i e n t l y  o f t e n  t o  confuse t h e  p l o t t e r .  

I n s t r u c t i o n s  f o r  t h e  s e t t i n g  of t h e  g a i n  and zero con t ro l s  a r e  given i n  

t h e  program comments accompanying MOECAL. These i n s t r u c t i o n s  assume 

t h a t  t he  Moseley p l o t t e r  is connected i n  p a r a l l e l  with t h e  scope.  The 

conventional manner of d r i v i n g  t h e  scope is t o  use  a d i f f e r e n t i a l  i npu t  

with the d e f l e c t i o n  on one s i d e  and with a " h a l f - f u l l - s c a l e "  s i g n a l  on 

t h e  o t h e r .  It would s i m p l i f y  t h e  c a l i b r a t i o n  procedure s p e c i f i e d  f o r  

t h e  Moseley p l o t t e r  i f  t h e  inpu t  were "single-ended" with t h e  o t h e r  s i d e  

of t h e  Moseley input  grounded. 

I 

L. SCOPECAL 

SCOPECAL is a minimum leng th  r o u t i n e  f o r  making a diagonal  l i n e  on 

t h e  Standard Type-34 Oscilloscope Display.  F i r s t  t h e  b r igh tness  is s e t  

a t  t h e  minimum l e v e l ,  and then t h e  accumulator is  loaded i n t o  t h e  X and 

Y d i s p l a y  bu f fe r s  and t h e  po in t  i n t e n s i f i e d .  Then t h e  accumulator is 

kicked up one, and t h e  bu f fe r s  loaded aga in .  Since t h e  d i s p l a y  ignores 

t h e  two high order  b i t s ,  t h e  e f f e c t  is t o  move t h e  do t  d i agona l ly  across  

t h e  scope 4 times f o r  every time t h e  accumulator g e t s  kicked completely 

around (4095 times ) . 



21 

1; 



22 

I 4 

___- I 

It--- 
I -  - -  --  - - - -  - -  I 

d 
8 

I I -  

c 
n 0 

I _ _ _ -  



n 

t 



24 

I .__I__--__-- - 

0 

0 
v 



Note: 

ADDR2 = ADDRl + 1 
ADDRJ = ADDFQ + 1 I I S  ADDR 

OF 1 s t  
CHANNEL I(ADDR1, ADDRZ, ADDR3 a re  the  

I addresses of words 1, 2, J 

I channels which a r e  t o  b e  
t for  t h e  two adjacent  

L’jummed.a“! P 1 2 E 4 L  

415 ( ,A ~ , 
HI2 = C ADDR2 A 077 
*(Hi-order p a r t  of 2nd chan.) 

C ADDP.2) - MQ 
CtADDFJ) - AC 

S h i f t  AC,MQ r i g h t  6 p laces  
HI1 = C(AC) 
‘t h i - o r d e r  D a r t  of 1st chan. ) 

I M Q -  AC 
‘f.(lo-order p a r t  of 1st chan. 
AC = AC + C(ADDRJ) 
+(sum of  the  2 lo-order  p a r t s )  

ORNL D K  67 E659 

7 

S h i f t  AC,MQ r i g h t  by No. 
p laces  s p e c i f i e d  by 
the  sca l e  cons tan t .  

MQ + AC 
AC -Y-coord. b u f f e r  

AC - X-coordinat b u f f e r  

C@”I = (m + 1)A(1777) 

AC = C@” j 

i and p lo t .  

RFmTRN 

Note: @UFI I S  N#T DEFINED 
THE FIRST TIME S@PE 
IS CALLED. 

F ig  7. Flow diagram of  S@PE. 
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ORNL D M  67-8660 

Begin, 1OC 

and I n i t i a l i z e  

f o r  user  t o  key i n  No.  
of 1 s t  chan. t o  p r i n t ,  
No. of l a s t  chan. t o  
p r i n t ,  and to l e rance  
lcvcl f o r  p r i n t i n g  

m l  = 1 s t  chan. t o  p r i n t  
c ” 2  = 2nd chan. t o  p r i n t  
c”J = t o l e rance  

*MIWI i s  address  of 1st loca t ion  
i n  spectrum buf fe r  (loc. 1600). 

Read the signal, convert 
it t o  a scaling constant  
and s t o r e  it i n  the  

Fig. 8. Flow diagrams of W P  end @MAND. 
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ORNL DhG 67-0663 

c a r r i a g e  r e tu rn  

1551 
< - m i >  

A S C I I  code f o r  
l i n e  feed 

I ??IIkD JMS I TYPE 

I 

1561 

:5+> 

t h e  l i n k  

Fig. 11. Flow diagrams of LWEF and TYP@. 
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ORNL D M  67-8665 

MAIN ROUTINE FOR KQSELEY PLOTTER 

PLOT FIRST 
1024 c" 

e SCOPE FOR DISPLAY 

DELPY R#UTINE 

-AC-l to N 

N = N + l  

I ll&i Ly" 4 , 
PICK U p  M * ROLL0 = -M 

18 ms f o r  
M = 0 o r  7777 

Fig. 13. Flow diagrams of MOE and DELAY. 
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M E  PLOTTING SUBROUTINE 

1050 

T- -- 

1 SKIP = -512 

NEW = OLDX + 2 
GFP DOUBLE PRECISION 

COUNTS IN CHAN (NEW) 

Fig. 14. Flow diagrem of W E .  
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om DK 67-8667 
PEN MOTING SUBROUTINE 

PICK UP ARGUMENTS ADD 
STORE: NEW 

DIF = [NEW - OLDYl 

REPLACE OLDY and OLDX 
with NEWY and NEW 

1241 
JMS DELAY 
-1W ms 

Fig. 15. Flow diagram of GRAPH. 
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I 
4 I 

1 L$CATION SACRED F~ii 

I 
I 

‘-\ /’ 
I 

o m  DM 67-8696 

AC - X-buffer 
AC - Y-buffer 
i n t e n s i f y  t h e  dot  

Fig. 16. Flow diwrams of WECPL and SdPECAG. 
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/ OPTION SWITCHES FUR SUeROUTlNE DEPEC 
/ 
/ THE VALUES OF IHE SWITCHES CAN BE CHANGED BY THE SUBROUTINE 
/ I N I T  I N  THE V A I N  PROGRAM 
/ 
.001 I 

- - - ~ -  - 

~ ~ - - _ _ _ - ~ ~ _ _ _ _  
~ ~ 

I 1  I SWB. 0 0 0 1  /UNLESS THE SWITCHES ARE CHANGED B Y  I N I T  

13 I SWD, O O O l  / PLOT ( R + C * D )  WITHOUT REGARD T O  WHETHER 
-TI- - 1 SNC; -0001 r H r u I 7 - L  S T E T  f 0  ACCUMULATE-AND 

1 4  a SWPIL, DO00 THE FLAGS ARE 0 O R  I 
15 n SWPUL! c o o 0  
16 n S J F L I ,  c o o 0  

~ 17 a SWFLP, 0000 
SYMBOL TABLE 

I I  

s w D  I 3  
swfL I I 6  
s WTLZ 17 
SWPIL 14 
SWPUL I 5  

% ~ 12 

D t t P L I C A T f  TABS 
hflRE 

U ~ I D E F I N E U  S Y M B O L S  
NONE 
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P R I N T P  2 4  
R E S T R T  2 6  
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T Y P E 0 ~ 4 0  
' 0 0 4 5  

T 7 w "  < V v R Z r N A  CLAP ~P /SOP I F  NEW DATA HAS ARRIVEU 
4 6  5 0 5 3 -  ~ - JMP H A I T  ~ 

--47 -1067  T A D  MOO02 
50 3 0 7 3  DCA COUNT. 
Lzl 3 0 7 6  DCA ROLL0 
5 2  5 4 7 2  j M p  I DATAP 
53 2 0 7 6  WAIT, I s 2  ROLLO 
5 4  5 4 7 3  JMP I PLBTP 

COUNT 55- 2 0 7 5  -1sz 
56 5 4 7 3  JMP I PLeTP ___ 
5 7  IO67 TAD Mu002 
4 0  3 0 7 5  DCA C9UNT 
61 3076 D C A  R O L L O  
6 2  1 0 7 0  ~ - TAD BELL 
6 3  4 4 4 0  JMS I TYPFO 
6 4  1071  TAD F 
6 5  4 4 4 @  JMS 1 TYPFd 
66 5424 JMP 1 RESTHP 
6 7  7 7 7 6 - P M 0 0 ~ 2 ;  -7776  
70 2 ? 7  BELLI C 2 0 7  / A S C I I  CODE FflR BELL 
71 7 0 6  F I  r30n / A S C I I  COO€ F O R  f 

- 

7 2  274 DATAPI p 3 7 4  
73  275  PLOTPI ~ 3 7 5  
7 4  1 7 7  R E S T R P t  ~ 3 7 7  
75 0 CJUNT,  2 / l N T T I A L  CBUNT DETERMINES BEt i INNING ANTIFREEZE 

/ T I M E  
7 6  0 R3LLe; :: 
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CALLP - -  A PROGRAM l a  CALL THE CHANNEL P R I N T I N G  RBUTINE __ -_ - ~ _ - _ _ _ .  
/ 
/ IMMEDIATELY AFTER B E I N G  STARTED PROGRAM HALTS FOR 
/ UPERATUR 70 KEY I N  NO. OF I S T  CHANNEL D E S I R E D  AND 
/ TUEN HALTS A G A I N  _ _ _ ~ -  C O R  U B .  OF L A S T  F I L E  DESIRED-... . 

1 AND THEN U A L T S  A G A I N  C O R  T8cERANCE-FOR P R I N T I N G  

1 COMAkD J'S ~ - _  121 4 4 4 4  
122 5120 JMP * r 7  

~~ 
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LAS 
I 3 2  4 1 5 3  J M S  SET I 
133 I 4  
1 3 4  4 1 5 3  
I 3 5  I 5  
1 3 6  4 1 5 3  J M S  SET I 
I 3 7  16 SWFL I 
140 4 1 5 3  JMS S E T  I 
1 4 1  17 SWFLZ 
I 4 2  7 5 1 0  SPA 
143 2 C I I  I s 2  sue  
1 4 4  7 0 0 4  kAL 
145 7511' SPA __- -- 
1 4 6  2012  I SZ swc 
147 7 0 0 4  RAL 
I 5 0  7 5 1 0  SPA 
151 2 0 1 3  1 sz  SWD 
152 5 5 2 4  JMP I IYIT 

~ V E Y  T A R L E  
/ SWITCH 
/ K F Y  I UP * G T .  0 
/ KFY 2 Up r C T ,  0 
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/ CHANNELS TOGFTHER O C C U P Y  A BLOCK OF 

21 I 6 0 3 2  HSTRTI K C C  
212 7 2130 CLA 
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2 1 4  6 0 7 7  DSB*J 
215  1343 T A D  H40 

D C A - ~  COUNT 2 1 6  3353 
2 1 9  1 0 2 2  T A f  BUFFP 
220 3 354  O C A  ADDR 
2 2 1  3754  ~ O C A  I A D D R  ~~ /CLEARJAfA BUFFER T O  0000 - 

2 2 2  2254 IS2 A B D R  
223 2353 I sz CdUNT - - 

2 2 4  5221 JMP 1 - 3  
2 2 5  3?5? DCA BYARK / I N I T ! A L 1 Z E  E M A R K  TO SCAh D A T A  RUFFER 
226  631 I RADCLR /CLEAR THE WARDWARk 
2 2 9  6 1 2 4  uDCLR 
230 1250 T A D  H 4 4 0  / S E T  UPabOWN COUNTER TO 1 3 4 0  SO 
2 3 1  3553 D C A  COUNT / 7 E V E Y T S  ( 3 4  WORDS) WILL  CAUSE A N  

233 2353  I s z  COUNT 
234  5232 JHP 1 - 2  
2 3 5  6 3 1 2  Lflf3P1 B I B L E  / S T A R T  TAKING D A T A  

2 3 7  1 ? 5 2  T A D  BYARK / P I C K  UP R U F F E R ( 1 )  
24(7 102F - TAD BUFFP / ImBMARK 

- -- ____ ~ 

____ - ~ ~ _ _ - p -  _ _ _ _ _  ~1 - ~. _ _ _ l  - 

- 2 3 2  6 1 3 T  uOsUBi / OVERFLOW IN THE 256 BLT. 

-236 7200 CLA 

2 4 1  3 2 5 1  D C A  BUFADD 
2 4 2  1751 T A D  1 BUFADD / E  X A M I N t  C f l h l m  O F  m F  .HI I )  

2 4 7  4 4 4 1  JMS I D E T E C  /JUMP T O  D E T E C T O R  SUER, W I T H  LOC. O f  G-S IGNAL 
/ / I N  A C  AND R E T U  RN W I T H  C H I N .  NO. TE 
/ I N C R E M E N T  IN A C  

2 5 0  3 1 5 5  C Y N S T G  D C A  CYANkd 
251 7 1 0 0  CLL 
252 1255 P A D  CYANN6 / D I V I D E  CHAM. NO, B Y  2 AND 
753 701C W A R  / D I S C A R D  REYAIkDER F O R  @ O D  
234 ( 3 5 5  T A D  C Y  A Y IY 0 
255 1021 T A D  Y P O I N T  
756 3,'54 DcA A D D R  
2 5 7  1 > 5 4  T A D  ADDR 
760 7 0 ? i  - I A C  
261 3 2 5 7  D C A  ADDP2 
7'62 7 4 3 0  S L L  
2 6 3  5 2 7 6  JMp HALFP 
'264 730c CLA CLL 
7 6 5  1 7 5 7  T A D  I ADUR2 

267 3 7 5 7  D C A  1 AODR2 
2 1 0  7 4 2  n SNL 
371 5 3 1 4  JMP CdNT 
2 7 2  1 1 5 4  T A D  I A n D R  
2 7 3  7 0 3 1  I A C  
7 7 4  3 7 5 4  D C A  I ADUR 
275 5 3 1 4  JMP C4NT 
2 7 6  7 2 0 0  HALFP, CLA L L L  
277  1797 T A D  I ADOR2 
3 0 0  f ? @ i  I A C  
3 @ l  3 7 5 7  U C A  I AODRP 
3 0 2  7 4 2 p  SNL 
305 5 7 1 4  JMP CrlNT 
3 0 4  ( 7 5 4  T A D  1 ADDR 
3@5 7031 I A C  

2 6 6  1344 T A D  LC1105 
___ 
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- M 4 n  3 4 3  
M4 3 4  6 
M44L!' 35 0 
M b D 0 0  3 4 1  
~ 2 7 6  3 7 2  
P L R T  336  
R S T R T  31 I 
SAVE I 7 8  
SCALE0 4 3  
SCBP€P 2 0  
SET I I53 ___ 
SkTUP I 2 5  
S u A D D R  I76  
sub i i  
SWC 12 
swu 13 
SWF L I 16 
SWF L 2  17 
s w P I L E  1 4  
SWPUL 15 
TEPP 3 5 0  
Y P G  I luT 21 

D l I F L I C A l t  T A G S  
N d k E  

- 
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/ EACH RF TWE 1 0 2 4  ( 1 0 )  P O S S I B L E  X-VALUFS 
/ WILL CBQRESPOND TO TW6 ADJACENT 

VALUE IS PLnTTED AN THE Y - A X I S  / 
/ 

4 4 4  2 5 4  
4 4 5  3 2 4 7  

~ - -  ~- 
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4 5  I C ADDRP. 0 0 0 0  

4 5 6  L 7 7 7  HASK2r 1 7 7 7  ~- 

____ SYMBOL TABLE ~ 

ADDR I 4 5 0  
AODRP 45 I 
ADDR3 4 5 2  
CFUNT 4 4 9  
HI I 4 5 5  
H!2 4 5 4  
M s K  I 4 5 5  
M I S K 2  4 5 6  
SCALE 4 3 6  
SCOPE 4 0 0  
sCaPt'P- ~ 2 0  

_Y P O  1 N T- 2 1  

DUPLICATE T A G S  
~ 

N O ~ E  

W E F t W 8 f m € 3 t S  
NVhE 
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/ K E Y  IN LflWER LTMTT AND H I T  CONTINUT - 
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5 2 3  1021 YPOlNT T A D  
ADDRIP/ ADDRESS O f  1st WORD OF TU€ CHANNEL 526 3 1 0 7  - DcA ~ 

5 2 7  I t 0 7  TAD ADDR I 
5 3 0  7001 I AC 
531 3 3 1 0  DCA ADDRZ / ADDRESS OF 2ND WdRK 6F 'I WE C H A N N E L  

533 5542 i UP OOD 

-- __-. ~ - ~~ _ _ -  

5 3 2  7 4 3 0  ~ _ _  ~ _ _ _ - - _ _ _ _  S Z L  / __- S K I P  FOR -~ EVEN*N6,  CUANNEL - 

_ ~ _  534 - 1 7 1 0  T A D  I ADDRZ ~~ 

5 3 5  7 4 2 1  MOL 
5 3 6  I 7 0 7  TAD I ADDRI 
5 3 7  7 4 1 7  L S R  
5 4 0  5 0 0 0 5  
5 x 1  5 2 4 6  JHp SUM 
542  1 7 1 0  ODD# TAD I AODR2 
4ilJ 7 4 2 1  MOL 
5 4 4  1 7 0 7  TAD I ADDRl ~ 

5 4 5  5 0 5  AND MA0077 
5 4 6  7100 S U M 1  C L L  
547 31-06 DCA TEMP / Y I - C I R C I E R  P A R T  OF NEXT C U A N .  

__ ____- 

/ AUD THE LO-QRDER P A R T S  
5 5 2  3 1 7 2  DCA L 
5 5 3  7 4 3 0  S Z L  / S K I P  ON NO OVERFLOW 
5 5 4  7001 __ -- 14 c 
5 5 5  I :an TAD TEMP 
5 4 6  1171 - TAD I4 
5 5 7  3 1 7 1  DCA H 
5 6 0  2 7 7 3  I si! C I  
561 70 ?fl F n P  
562 2570 I sz  C9UNT / SKIP AFTER L A S T  CHANNEL ADDED T O  I N T E G R A L  
5 6 3  5 1 2 1  
5 6 4  1272  'TAD 
5 6 5  742-1 Po L 
5 6 6  1371 TAD H 
567  5 7 1  I JHP 1 SUMM 
5 7 0  1' C P U N T r  C O O 0  
5 7  I p H, 2000 
5 7 2  0 L I  C O O 0  

/ 
4573 
/ r h b ' ~ R l ~ h T  A U D R E S S E S  F O R  C I  AUD C Q  
1 

-- 
LCJOP 

JMp L 

5 7 3  0 C I r  C O O 0  
574 F C2r c o o 0  

/ 

/ 
575 D SUMP, C O O 0  
576 4 2 1  1 JMs SUMM 
5 7 7  5 7 7 5  J Y P  1 SUMP 

/ SUMP - 0  A DUMMY R f 3 U T l h r ~  P U 1 N T I N G  Tf! SUMM __ 

SVPBOL TARLE 
A D D R  I 50 7 
ADDR2 510 
B E G l h  4 6 0  
C I  573 
C2 574 
Cf lUNT 570 
E N T R Y 6  31 
ENTRY7 30 
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; C A L L I N G  SEQUENCE JUS I P R l N T P  /PAGE D P O I N T E H  TF THIS ROUTINE 
/ YPOINT / P A G E ' O  P O I N T E H  TCI IST CHANNEL 

-~ x x x x  - 
x x x x  
G X X  _. I T f l L E R A N C E  F O R  P R I N T I N G  
( C O N T l N U E )  /CONTROL RETURWED HERE 

/ 
/ THE CHANNELS ARE PR I N T E D  I V  DECADES I N  T HE FPJLLOWI 0 
/ 

~ ~~ - /  
/ WHERE Y Y Y Y  is A CHANNEL NO. FROM THE SEQUENCE 0~10,20,3~~... 

/ THE CONTENTS 0 F CHAhNELS YYYY THRU Y Y Y Y  +go EACH X X X X X  

/ Z E R O S  ARE NOT P R I N T k D .  
/ 

- -  
/ Y Y Y Y  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  x x x x x  

/ AND R E G l V S  I N  THE 1st C O L .  OF THE PAGE, AND THE X X X X X  ARE 

~ ~ / REPRESENTS A NUMRER OF UP TO 6 D I G I T S  MHOSE L E A D I N G  

-- / ~ I F  SUM OF CMANFtELS I N  A DECADE 1s BELOM TOLERANCE THEN PRINTING 
/ 1s SUPPRESSED FOR THAT DECADE. - 
/ 
L I N EF 3 0 CI 3 7 
TVPEOa0040  

E V T R Y 6 = 0 ~ 3 1  
EVTRY4eOC33 
.0600 
/ 

6 0 9  P CYPRNTI 9000 
601 7 2 0 0  CLA 
6 0 2  l b 0 n  T A D  I CHPRNT 
6 @ 3  3 3 5 2  DCA 
6 0 4  2200 I sz C HP R lu 7 
6 0 5  l t 0 @  TAD I CHPRhtT 
666 3 3 5 3  DcA CHANI / h l ~ .  OF 1'41 CHANNEL D E S I R E D  
6F7  2 2 0 0  I sz  CYPRhT 
6 1 0  I t 0 0  TAD I CMPRtuT 
6 1  I 3 1 5 4  DCA C H A N 2  / W O .  RF L A S T  CHANNEL D E S I R E @  

CYPRN'f 
4 1 3  IbO[J  TAD I CYPRNT /ToLERANCF FOR P R I N T I N G  
6 1 4  3 7 3  AND L 3 7 7 7  /T61_E9AUCE MUST BE B E L B h  2048(10) 
615 7C41 C I A  
616  3 3 7 1  D C A  M T O L E R  

~ P R I N T P = 0 3 2 4  

B S I G I N  /rDnH, PF I S T  W O R D  OF I S 1  CHANNEL ___ 

~ _ _ _ _  
6 1 2  2200 I sz 

6 1 7  2 2 0 n  I sz  CYPRlvT / R E T b Q h  ADDRESS - 
6 2 0  7300 C L A  
6 2 1  3 2 5 5  DCA C Y N N B  / 1 I Y T R  C"N6 
622  1253 TAD CYAhl I 



51 



52 

7 2 7  5 7 0  EVEN, AND HASK I 
JMS 1 PR I NTP ~- .~ ~ ~ 

7 3 0  4 4 2 4  
731 5 4 3 1  JMP 1 ENTRY6 
7 3 2  7 1 0 0  CLL 
733 2 5 5 7  I sz ADDR I 
7 3 4  2 3 5 7  IYDEXL- -Is2 ADDR I - 

735  2 3 6 1  
7 3 6  5 3 E  J M p  
737 4 4 3 7  JMS I L l N E f  / CARRIAGE RETURN AND L l N E  FEED 

7 4 0  1355 T E S T I  TAD CWNNO / NnW CHECK T O  SEE I F  ALL DECADES 

7 4 2  1 5 6 3  TAD TEN 
7 4 3  7540- -- SMA SZA 
7 4 4  5 6 0 0  JMP I CWPRNT / WMEN ALL DECADES HAVE BEEN PRINTED 
745 7 2 0 0  CLA 
7 4 6  I255  TAD CYNNO 
747- 1 7 6 3  TAD TEN 
750  3355 D C A  CYNNO 

_ _ ~  -- ~ - -~ -- 

CdUNTl  / S K i P  A F f E R  P R I N T I N G  1 0  CHANNELS 
I S Z  I Y L P 2  

/ I C  IS CLEARED ON RETURN 

- 7 4 1  1 5 5 6  TAD TEMP / WAVE BEEN PR!NTED 

L e e m  
- 7 5 1  5253-- JMp 

7 5 2  o O Q ~ G I N ~  c o o 0  
753 '3 CYAN14 c 000 ___._______ -~ __-___- ~ -__ 
7 5 4  C CHAN21 C O O 0  
7 5 5 -  O CHNNBI 0000 
756 fl TEMPI C O O 0  
757-  -~ n A D D R I ,  0000 
7 6 0  I! ADDR2r 3000 
76  I fl C 5 U N T l r  C O D  0 
7 6 2  u C5UNT2, c o o 0  
7 6 3  I ?  TEN, 2 0 1 2  
764- 7 7 6 6  M IO L 7 7 6 6  

- 7 6 5  1 7  L 1 7 ,  0 0 1 7  
7 6 6 -  7 7 6 1  ~ i 5 ,  7 7 6 1  
7 6 7  2 4 0  SPACE, ? ? 4 0  / A S C I I  COnE F O R  S P A C I N G  - - - 

7 7 0  77 MASKI ,  7077  
77 I f! MTCILER, :OOO 
7 7 2  I I N l N E I  9 0 1  I 
7 7 3  377-7 L 3 ? ? 7 1  3777  
7 7 4  5 7 s  CIADDRI 5 7 3  
7 7 5  5 7 4  CZADDR, 5 7 4  __- 
7 7 6  E75  SUMP, 5 7 5  

sYt@Ut TARLE 

ADDR I 7 5 7  
ADDR2 7 6 0  
C I ADDQ 7 7 4  
C7ADDR 7 7 5  
C W A N  I 753 
CHAhl2 7 5 4  
CHNkd 755 
CHPRNT 600 
c m T  635  - 
CrrlJhT I 7 6  I 
C f lUNt2  7 6 2  
E hlT R Y 4 3 3  
ENTRY6 31 
E V E N  7 2 7  
1 NDEX 7 3 4  
! N L P Z  71 I 
L 1 7  7 6 5  

- -- _ _ ~ _ _ _ _  _____ 

- 

_ _ _  
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1 0 4 2  4 2 4 7  JWs EA3 I E 
I043 4 6 0 0  4 6 0 0  
1044 4 4 4 4  JMS I COMAND 
1045 4 4 2 0  JMS I SCOPEP 

1 0 4 6  5 2 4 4  JMP * - 2  

SYMBOL TARLE 

BUFFP 2 2  
CdMAND 4 4  
E A h I E  I047 
HOE 1040 
SCOPEP 2 0  

" " r  L ,""  I L 4 " Y . I  

&!oh€ - 

UNDEFINED S Y M B O L S  

N f l h i E  
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P 2  I 1 4 4  
P 5 1 2  I145 
SCALE I125 
SCALEQ 43 
S H I F T  1005 
SKIP I 1 4 7  
YPOINT 1 1 4 6  

DUPLICATE TAGS 
NON€ 

N Q h t  

- 
3 
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/ J Y S  DFLAV 
/ Y 
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/ QRAPH *- A POINT M6VtNG ROUTINE FOR THE MOSELEY PLOTTER 
/ CALLrNG SEQUENCE,.. 
/ NEWY 
/ OLDY 

Jns mn-"---- 

C I A  
D C A  D l F  
T A D  NEWY 
D C A  I GRAPH /OLDY NEWY 

I 2 1 5  2 2 0 0  I sz GRAPH 
1 2 1 6  l t O O  TAD I GRAPH 
I 2 1 7  3 2 6 7  D C A  NkWX 
1 2 2 0  2 2 0 0  I sz GHAPW 
1 2 2 1  1 2 6 7  T A D  NEWX 
I 2 2 2  360@ O C A  I GRAPH /BLDX = NEWX 
1 2 2 3  2 2 U U  1 s z  GRAPH /SET UP RETURN 
1 2 2 4  1 2 6 6  T A D  D I F  I C 0  PARE D I F  AGAINST C l r  SAY IO 
1 2 2 5  7 0 4 1  C I A  
1226 1 2 6 3  T A D  C I  
1 2 2 7  7 7 1 0  SPA CLA 
1230 5 7 4 4  JMP G T  
I 2 3 1  1 2 6 5  L T r  T A D  MEkY 
( 2 3 2  6 0 6 3  DYL 
1 2 3 3  7 2 0 1  CLA 1 A c  
1 2 3 4  4 4 4 7  J M S  I DELAY 
I 2 3 5  7 0 C 0  C 2 r  7 0 0 0  / M I N I M U M  Y DELAY FOR SMALL D I F r  SAY I 4  
1 2 3 6  1 2 6 7  T A D  N € k X  
1 2 5 7  6053 DXL ~ 

I 2 4 0  7 2 0 1  C L A  I A C  
1241 4 4 4 )  JHS I DELAY 
1 2 4 2  300@ C S ,  J O O O  / M I N I H U M  X DELAY FOR S M A L L  D I F I  S A Y  14  
1 2 4 3  9261  JMP R A C K  
1 2 4 4  1 2 6 5  G T r  TAD M E W Y  
1 2 4 5  6 0 6 3  DYL 
1 2 4 6  7 2 0 0  CLA 

1250 1266 T A D  O f f  

1 2 5 3  I 2 6 7  TAD N r E W X _  

- p  

1 2 4 7  1263 T A D  c 4  /FIXED Y DELAY FOR GREAT D l F r  SAY 1 0  

1251 4 4 4 2  JMS 1 DELAY 
1 2 5 2  to@ 300 /DELAY CONSTANT FOR H6RIZONAL HOTION 

I 7 5 4  6 053 DXL 
1 2 5 5  7 2 0 ~  CLA 
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1296 1 5 6 4  TAD c 5  /NOMINAL X U E L A Y  FdR GRkAT DIFI S A Y  3 0  
- - - -  1257 1 2 6 0  4 4 4 2  ~ - 0 0  JMS - I D E L A Y  _- 

1261 5 6 0 0  B A C K ,  JMP ! GRAPH 
I 2 6 2  I I  C I .  i n  

s o 0  



/ 
/ RETURNS W I T H  CHANNEL' N m m r N T A c . p  

O E I E C  **  _ _  OETfCTOR SUUH!NG ROUTINE FOR KLUDGE 

.i270 
s#B= I 5 

_ _ ~  - ~ -~ ~ __ SWC= I 2 ~ - - . ~~ ~ -~ 
SUDS 19 
SWPILEri4 __.. - 

GWP-UL.15 
S Y F L  I I6 
SUFl.2. I 7  

127 I ~ 3333 DCA AODR /ADnR Or WD-0 
1272 3356 DCA SUM 
m 1 7 5 3  TAD I AQDR 
1274 7004 RAL /GET PULSES FLAG 
1273 4J57 JMS TEST 
1276 I 5  SWPUL /PuLSER S u l T C H  
1 2 7 -  I753 T A D  I A D D R  
130@ 7 0 0 6  R T L  / G E T  P I C E  UP FLAG 
1301-4357 JMS T E S T  

1303 2353 GETBI ISZ ADDR 
- 1 3 0 4  1753 TAD I ADDR 
1305- 7004 RAL / G E T  FLAG:, 
- 1306 42.57 JMS TEST 
1301  It SWFL2 / F L A G 2  S U I T C H  E 

1 3 1 0  i o i i  TAD sue 
1 3 1 1  765 D SNA CLA 
- 1312 522U JMp G E T C  / S K I P  OVER B 
1313 1753 TAD I A O D R  
1314 7510 SPA 
1 3 1 5  535n JMP JAM / R  OVFRFLn 

- ._ - 

I 2 7 0  0 DETECI 0 0 0 0  

- 

-p 

1302 14 SWP 1 L E  / P I L E  UP SWITCH.  - 

- 
i 3 1 6  z5i ~ N D  LO777 
I 3 1 7  3356 D C A  SUM 
1320 2753 GETC, IS2 AOUR 
1321 1753 T A D  1 ADDR 
1322 7004 HAL / G E T  FLAG1 
1323 4357 JMS T E S T  
1324 16 SWFL I /FLAG1 SWITCH 
I 3 2 5  1017 TAD S d C  
1326 7650 SNA CLA 
1327 52.36 JMp GFTD 
1330 1753 TAD 1 ADDR 
(331 75111 SPA 

1333 355 A N D  L I777 
1332 535U JMp JAM /C mVERFLO ___ 

1334 12.56 TAD SLIM 
1335 3156 UCA S U M  
I336 22.53 G E T O I  IS2 AnDR 
1337 1 g 1 3  TAD S d D  
(340 7650 SNA CLA 
1341 5245 JMP DaNE 
1342 1753 ?AD I AODR 
1343 75117 S P A  
1344 535g JMP J A M  /D RVERFLR 
I 3 4 5  1356 DdFIE, TAD S J M  
1.746 75@0 SMA / S K I I J  I Y  CASE SUM EXCEEDS 37/7(6) 
1341 56711 JMP I D E F - -  
(350 7540 JAMB C L A  C M A  CCL / I N  CASE THERE WAS Ah O V E R F L O W  
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